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(57] ABSTRACT

Vibrations of pipes or other components installed in a
container such as a tank intended for holding liquids, are
damped by surface area damping bodies, €.g. plates with
through-holes that are immersed in the liquid in the con-
tainer. These plates are rigidly connected to the pipes or
components to be damped. The vibration damping plates are
constructed of metal, for example, and the through-holes
reduce the mass and advantageously affect the damping
effect. The materials for making the perforated damping
plates are selected to be compatible with the content of the
containers, such as a fuel in a tank in a spacecrait. The
surface area ratio of all cross-sectional areas of the through-
holes to the total plate surface area 1s optimized to achieve
a maximum damping effect. These perforated plates are

secured to pipes, braces, filters, ducts, or other internal
components of fuel tanks of land vehicles, aircraft, and
spacecraft.

8 Claims, 2 Drawing Sheets
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TANK STRUCTURE FOR HOLDING LIQUID
ESPECIALLY IN A SPACECRAFT

CROSS-REFERENCES TO RELATES
APPLICATIONS

The present application is a Continuation-In-Part appli-
cation of out commonly assigned applicatton U.S. Ser. No.
08/027,857, filed on Mar. 8, 1993, entitled: APPARATUS
FOR DAMPING VIBRATIONS, ESPECIALLY IN CON-
TAINERS, which 1s now abandoned.

FIELD OF THE INVENTION

The invention relates to a liquid tank structure for holding
liquid especially in a spacecraft. These tanks are equipped
with a device for damping vibrations of structural compo-
nents installed inside the tank. Such components are, for
example, pipes, conduits, filters, braces and other installa-
tions inside filled tanks holding, for example fuel for
vehicles, including land vehicles, aircraft, and particularly
spacecratt.

BACKGROUND INFORMATION

Structural components installed inside liquid containers
have a tendency to generate high resonance vibrations
caused by movement of the tank, even if the tank 18
completely filled with liquid so that there is substantially no
movement of liquid independently of any tank movement.
Such response vibrations are triggered by input vibrations
even if the tank is full of liquid. Such resonant vibrations are
believed to be due to the rather small dynamic damping of
these installed components in the tanks or rather of the
vibrations of these components. As a result of these vibra-
tions the components are exposed to substantial fatigue
stress which can readily cause a fracture and thus lead to the

failure of the particular structural component and even to
failure of an entire mission.

The above mentioned vibrations have nothing to do with
the problem of the so-called “sloshing effect” that occurs 1n
liquid tanks that are not full and are moving. The sloshing
effect occurs, for example, in fuel tanks in a moving vehicle.
Various anti-sloshing devices are known for the purpose of
retarding or calming the movement of a liquid in a tank.
These devices are positioned inside the tank and are con-
nected to the tank wall, see for example U.S. Pat. No.
4,844 278 (Freiwald et al.), 1ssued Jul. 4, 1989, and U.S. Pat.
No. 5,031,795 (Kotera et al.), 1ssued Jul. 16, 199].

It is also known to suppress oscillations or so-called
“strumming” of structures immersed in a fluid flow, such as
a smokestack exposed to wind flow, a periscope exposed to
water flow, etc. The oscillation suppressing devices are
attached to the outside surfaces of the structure for infiu-
encing the fluid flow patiern. See, for example, U.S. Pat. No.
3,804,210 (Erickson), i1ssued on Apr. 16, 1974 or U.S. Pat.
No. 3,884,173 (Fabula), 1ssued on May 20, 1975.

OBIJECTS OF THE INVENTION

In view of the above it is the aim of the invention to
achieve the following objects singly or in combination:

to construct containers, such as fuel tanks, and particu-
larly the components installed inside such containers, in
such a way that any component vibrations inside the con-
tainer are sufficiently damped when the container is filled or
substantially filled with a liquid to thereby avoid premature
component fallure due to material fatigue;
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to provide a simple, yet reliable vibration damping in such
containers, and more particularly of pipes, conduits, filters,

braces, and other installations inside such containers that are
filled with a liquid;

fo provide a vibration damping body that 1s especially
suitable for use in filled fuel tanks for spacecraft and the like,

which damping body does not significantly contribute to the
weight of the tank; and

to make the damping body of a matenal that i1s compatible
with the liquid content in the tank in which the damping
body is to be effective for the damping of vibrations of
components installed in the container.

SUMMARY OF THE INVENTION

The above objects have been achieved according to the
invention by rnigidly connecting at least one damping body to
the respective component installed inside a container or tank
holding a liquid, wherein the damping body, such as a plate,
has through-holes and a sufficient surface area for achieving
the desired damping effect on the component to which the
damping body is secured inside the tank. The damping body
is preferably a perforated plate made of a material compat-
ible with the content of the tank. Fuel compatible materials
arc for example titanium, aluminum, steel, and plastics. The
connection between components to be damped and the
damping body 1s accomplished by conventional connecting
devices, such as welding, screws, soldering, riveting, or
brazing. By securing a perforated damping body directly 1o
the component installed in a tank, rather than to the con-
tainer wall, the invention achieves a high damping effect
while still keeping the required increase in the mass of the
damping body relatively and advantageously low. In other
words, a high damping efficiency or efiect 1s achieved with
a relatively low mass increase, whereby the present inven-
tion is particularly suitable for use in fuel tanks for space-
craft and aircraft. Optimal damping results have been
achieved according to the invention while using an opti-

mally small space for the installation of the damping bodies.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be clearly understood, it
will now be described, by way of example, with reference to
the accompanying drawings, wherein:

FIG. 1 shows the lower end of a fuel tank, partly broken
away illustrating vibration damper bodies in the form of
perforated plates secured to pipes inside a fuel tank e.g. for
a spacecratt;

FIG. 2 is a perspective view of a perforated damping body
having through-holes therein; and

FIG. 3 is a view similar to that of FIG. 1, but showing
vibration damping bodies also secured to other components

inside the tank.

DETAILED DESCRIPTION OF PREFERRED
EXAMPLE EMBODIMENTS AND OF THE
BEST MODE OF THE INVENTION

A fuel tank 1 is only shown symbolically and partly
broken away in FIG. 1 illustrating the interior of the fuel
tank 1 for a spacecraft, such as a satellite equipped with
thrusters for the position control of the satellite. Four fuel
pipes or conduits 2, 3, 4, and 5 are shown 1inside the fuel tank
1. Additionally, stiffening braces 6, 7, 8, and 9 are provided
to strengthen the respective pipe conduits 2, 3, 4, S and the
tank 1. Each of the fuel pipes or conduits 2, 3, 4, and S 1s
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equipped with 1ts own fuel filter or screen 10, 11, 12, 13, and
14 respectively.

According to the invention, the pipe or conduit 2 has
connected thereto a perforated damping body or plate 15, for
example by welding scams 15A. Similarly, the fuel conduit
3 has connected thereto a perforated damping body or plate
16, for example by welding seams 16A. These damping
bodies 15 and 16 are so positioned, for instance in the
middle, that they provide an optimum damping as long as
perforations 17 in these plates are immersed in the liquid in
the tank. A similar damping arrangement, not shown, is
provided for the conduits 4 and 5. The perforated damping
body or plate 15 is so positioned at the junction of the pipe
2 and the brace 6 that it damps vibrations of at least two,
preferably three components, namely of the pipe 3, of the
brace 6, and preferably also of the filter 10 which 1is
connected to the pipe 2 at the junction of the pipe 2 with the
brace 6. Similarly, the perforated damping body or plate 16
1s positioned at the junction of the pipe 3 and the brace 9 to
thereby damp vibrations of both the pipe 3 and the brace 9
and preferably also of the filter 11. The position of the
damping bodies or plates 15 and 16 is such that these bodies
may simultaneously function as a junction gusset which has
a mechanical strengthening effect. This damping will be
achieved, however, at locations with high vibration ampli-
tudes.

FIG. 2 shows a vibration damping body 15, 16 having a
relatively flat rectangular plate shape with holes or perfora-
tions 17 extending fully through the plate made of a material
that 1s compatible with the liquid or fuel in the tank 1.
Titamum, for example, has been found to be suitable for this
purpose. However, aluminum, steel, and plastic materials
are also suitable. The connections shown at 15A, 16A are,
for example, welding seams. Soldering, brazing, riveting or
screw connections are also suitable, whereby rivets and
screws are particularly suitable when the damping bodies are
connected to the braces or to the filters.

It has been found that a suflicient surface area is obtained
for the damping purpose if the ratio of the sum L of all
cross-sectional areas of the through-holes or perforations 17
in the damping plates 15, 16 to the entire surface area F of
the damping plate is so selected that it falls within the range
of 10 to 25%, specifically L=(0.1 to 0.25)XF. This surface
area ratio has been found to be very efficient for the present
damping purposes. However, other surface area ratios may
also be suitable.

Although FIG. 1 only shows a few damping bodies 185, 16
for example, 1t has been found that it is advantageous to
equip all pipes or conduits and other installed components in
the tank with such damping bodies or plates, and, if neces-
sary, to even provide more than one damping plate for each
pipe or conduit.

In FIG. 3 each pipe 2, 3, 4, and 5 carries two vibration
dampers 24, 2B; 3A, 3B; 4A, 4B; and SA, 3B, respectively.
Each brace 6, 9 carries at least one vibration damper 6A, 9A,
respectively. Braces 7 and 8 carry vibration dampers 7A and
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8A, respectively. Bracing rods 17 carry vibration dampers
17A. A pipe or conduit 18 carries a vibration damper 18A.
A filter 19 carries a vibration damper 19A. All vibration
dampers function when they are immersed 1n liquid in the
tank 1 which, in FIG. 3, has an intermediate bottom 1A and
a so-called Cassini-shell 1B shown only partly with the
remainder of the Cassini-shell being broken away.

The dampers in FIG. 3 also have holes and dimensions so
that the above range for L is satisfied.

The present vibration damping bodies or plates must be at
least partly immersed in liquid in the tank so that at least
some of the holes are filled with liquid to achieve a damping
cifect which is greatest when all holes are filled with the
hiquid in the tank. These damping plates are connected to the
components inside the tank and not to the inner tank wall.

Although the invention has been described with reference
to specific example embodiments, it will be appreciated that
it 1s intended to cover all modifications and equivalents
within the scope of the appended claims.

What s claimed 1is:

1. A tank structure for holding liquid, comprising a wall
forming a liquid container, at least one interior component
selected from the group consisting of liquid flow pipes,
ducts, stiffening braces, and filters installed inside said liquid
container, said at least one interior component being prone
to vibrate inside said liquid container because of movement
of said tank causing vibrations unrelated to “sloshing effect”
type vibrations, at least one damping body, and means
rigidly securing said damping body to said at least one
interior component inside said liquid container, said at least
one damping body comprising through-holes passing
through said at least one damping body for access of liquid
into said through-holes for damping vibrations of said at
least one interior component installed inside said tank.

2. The tank structure of claim 1, wherein said damping
body is a flat perforated plate.

3. The tank structure of claim 2, wherein said flat perfo-
rated plate 1s made of a material compatible with a liquid in
said tank. |

4. The tank structure of claim 3, wherein said material of
which said plate is made, is titanium, aluminum, steel, or
plastic.

5. The tank structure of claim 1, wherein said means for
rigidly securing is one of welding, soldering, brazing, rivets
Or SCIEews.

6. The tank structure of claim 1, wherein said damping
body has a total surface area F, wherein said holes have a
total cross-sectional area L; and wherein L corresponds to
about (0.1 to 0.25)xF.

7. The tank structure of claim 1, wherein said damping,
body is a pertorated plate secured at a junction between a
pipe and a brace.

8. The tank structure of claim 7, wherein a filter is
connected to said junction.
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